The effect of various fuel additives on the ability of platinum-palladium catalytic converters to remove the carbon monoxide and hydrocarbon components of automotive exhaust has been examined. Engine dynamometer studies suggest that these catalysts *may be successfully used in conjunction with fuels of relatively high tetraethyllead concentrations, provided the ethylene dibromide portion of the scavenger is excluded.
It has been amply demonstrated that the use of leaded fuel rapidly inactivates a noble metal oxidation catalyst used to control hydrocarbon and CO emissions in a motor vehicle (1) (2) (3) (4) (5) (6) (7) . This limits their use to unleaded fuel. For this reason, the Federal government has mandated the availability in the U.S. of unleaded fuel, containing no more than 0.05 g/gal of lead (8) . This limitation applies to both base metal, as well as precious metal oxidation catalysts, containing platinum and palladium, of the type expected to be generally used in 1975 able to the various industries and to the government for further study.
The effect of using a noble metal catalytic converter with an engine running on fuel containing various additives was examined via engine dynamometer tests. The dynamometer test, to stabilize catalyst performance, consists of an initial 10 hr running on fuel containing no added lead antiknock. This is followed by 10 hr of operation on the same fuel containing the additive in question. A final 10 hr of operation, again on unleaded fuel, measures the extent of permanent deterioration.' Figure 1 shows that when standard leaded gasoline is used as the modified fuel, there is an abrupt loss in catalytic CO removal from 95%o to 30%'. A subsequent 10 hr of operation again on unleaded fuel shows a fairly rapid, but not complete, recovery of catalytic activity back to 88%o removal.
In view of the rapid recovery of the catalyst, it appeared unlikely that the deposition of solid lead compounds, which occurs during operation of catalysts on leaded fuel (5, 6, 9) , is the cause of the large activity loss. Thus, another mechanism was sought. Scavengers are normally added with the tetraethyllead during the production of commercial leaded fuel. This scavenger typically consists of sufficient ethylene dichloride to form lead chloride with the lead present (1.0 theory), plus half as much additional ethylene dibromide (0.5 theory). This combination of tetraethyllead and scavengers is termed "motor mix". These organic halides are soluble in the gasoline and form volatile lead halides during engine combustion. These volatile halides carry the lead out of the combustion chamber, to minimize the accumulation of lead on spark plugs, exhaust valves, and combustion chamber walls.
When fuel containing no lead, but only the mixed scavenger is burned, the catalyst shows an even more severe inactivation (Fig. 1) . Again, the recovery of catalyst activity on pure gasoline, (no lead
When leaded fuel is used, but with no scavenger, there is only a small loss in activity (Fig. 1) There is some concern that the wide use of catalysts to minimize vehicle emissions will increase the formation and discharge of S03 (sulfate) to the atmosphere. Evidence has been cited that a catalyst increases the sulfate emission (12, 13 Those conversant with the function of the scavenger in leaded fuel (14, 15) suggest that its elimination would produce some problems of spark plug fouling and engine exhaust valve durability. The ethylene dibromide part of the scavenger mix is actually the most effective for preventing these problems. However, the use of ethylene dichloride only would involve appropriate and more costly metallurgical changes. These modifications may make it possible to use a single, leaded fuel for both catalyst and noncatalyst vehicles. Much further engineering and vehicle testing is necessary.
